BACKGROUND: Churches may provide a familiar and accessible setting for chronic disease self-management education and social support for Latinos with diabetes. OBJECTIVE: We assessed the impact of a multi-faceted church-based diabetes self-management intervention on diabetes outcomes among Latino adults. DESIGN: This was a community-based, randomized controlled, pilot study. SUBJECTS: One-hundred adults with self-reported diabetes from a Midwestern, urban, low-income MexicanAmerican neighborhood were included in the study. INTERVENTIONS: Intervention participants were enrolled in a church-based diabetes self-management program that included eight weekly group classes led by trained lay leaders. Enhanced usual care participants attended one 90-minute lecture on diabetes selfmanagement at a local church. OUTCOME MEASURES: The primary outcome was change in glycosylated hemoglobin (A1C). Secondary outcomes included changes in low-density lipoproteins (LDL), blood pressure, weight, and diabetes self-care practices. KEY RESULTS: Participants' mean age was 54±12 years, 81 % were female, 98 % were Latino, and 51 % were uninsured. At 3 months, study participants in both arms decreased their A1C from baseline (−0.32 %, 95 % confidence interval [CI]: -0.62, -0.02 %). The difference in change in A1C, LDL, blood pressure and weight from baseline to 3-month and 6-month follow-up was not statistically significant between the intervention and enhanced usual care groups. Intervention participants
L atinos are almost twice as likely to have diabetes, less likely to achieve optimal glycemic control, at higher risk for developing complications, and have higher diabetesrelated mortality compared to non-Hispanic whites. [1] [2] [3] Diabetes self-management education is a critical component of care for all individuals with diabetes. [4] [5] [6] While faith-based organizations are a promising setting in which to deliver diabetes self-management education (DSME) for African Americans with type 2 diabetes, few faith-based DSME interventions have taken place in Latino communities. [7] [8] [9] [10] Considering that more than two-thirds of Latinos identify themselves as Catholic and the majority of Latinos attend a church service at least once a month, church-based education programs in Latino communities can have a broad reach. [10] [11] [12] While some DSME interventions targeting Latino patients have taken place in churches, [13] [14] [15] few have worked collaboratively with church leaders in Latino communities to identify social and cultural issues related to diabetes management, actively engaged church leadership in the design of the intervention, and integrated church resources into the program, approaches that have been shown to improve patients' diabetes outcomes in faith-based interventions. 7 We used a community-based participatory research (CPBR) approach to partner with community leaders and members to design a church-based diabetes self-management intervention for Latinos. 12, [16] [17] [18] We trained lay leaders to lead the intervention classes since several studies have noted strong evidence for peer-led group self-management programs in improving self-management and clinical outcomes. 13, [19] [20] [21] [22] [23] [24] [25] [26] [27] To our knowledge, ours is the first study to evaluate the feasibility, acceptability, and clinical impact of a church-based diabetes selfmanagement intervention among Latinos with diabetes.
METHODS
Our study was based in the South Lawndale neighborhood of Chicago, also known as Little Village, where more than 75 % of the population is of Mexican descent. We used a CBPR approach to partner with two Catholic churches, a Catholic social service agency, healthcare leaders, and community members for this study. [16] [17] [18] The community partners formed the Little Village Community Advisory Board (CAB). We conducted a randomized, controlled, community-based intervention trial to test the impact of the church-based intervention on diabetes outcomes compared to enhanced usual care. Participants provided written informed consent before participating in the study and were followed for 6 months. The University of Chicago Institutional Review Board approved all study procedures, and this trial was registered at clinicaltrials.gov identifier NCT01288300.
Eligible participants were adults 18 years or older who were either English or Spanish speaking and self-reported receiving a diagnosis of diabetes by a physician. We excluded participants who were pregnant, only reported a diagnosis of gestational diabetes, were actively being treated for cancer, were on hemodialysis, were unable to attend the classes or follow-up appointments (e.g., due to extended travel), or were unable to provide informed consent.
Participants were recruited from May 2011 to June 2012 at church-based events, such as health fairs, church services, adult educational classes, and other community events. Figure 1 describes participant screening and enrollment. Fifty-four percent of all eligible females agreed to participate versus 32 % of eligible males (p=0.003). Attrition rates at 3 months (20 %) and 6 months (18 %) were not independently associated with randomization arm, age, gender, educational attainment, household income, primary language spoken, health literacy, insurance status or baseline A1C. After obtaining informed consent, trained bilingual research assistants collected baseline interview data in the participant's preferred language (English or Spanish) and measured participants' blood pressure, weight, height, and waist circumference. The research assistant randomized participants 1:1 to either the church-based intervention arm or enhanced usual care. Participants had blood samples drawn by venipuncture at baseline, 3 months, and 6 months post-randomization. A local Catholic social service agency and resource center, Taller de José, provided patient navigation services to participants. The intervention and enhanced usual care group participants received assistance from the patient navigators in finding a primary care provider if they did not already have one.
INTERVENTION: PICTURE GOOD HEALTH
Our church-based diabetes self-management intervention, BPicture Good Health/Imagínate una Buena Salud,^was designed by the academic team and the Little Village CAB. 12, 28 The curriculum consisted of eight weekly 90-minute group classes that took place at our two partnering churches and were led by two trained lay leaders. The curriculum was based on self-determination theory that emphasizes the importance of intrinsic motivation that underlies behavior change. 29, 30 The weekly classes incorporated information about diabetes and topics on nutrition and physical activity. Participants learned a cognitive approach to beha"Qvioral problem solving that included goal setting, anticipating likely obstacles, identifying behavioral alternatives, and stimulus control. 31 While previous diabetes education interventions have ranged from 6 to 12 weeks, we found that an 8-week intervention would be acceptable to this community and would allow time to cover the content and skill areas also identified in our preliminary focus groups. 15, 24, 28, 32, 33 Participants learned healthy preparation of traditional Mexican recipes and exercises they could do at home without special equipment. One aspect of a faithbased approach may include integrating religious scripture into the educational content. However, a review of AfricanAmerican DSME church-based interventions found no difference in the health outcomes reported by interventions that included religious content and those that did not. 7 In consultation with our church leaders and CAB, we decided not to include religious scripture in the educational content. Instead, our program promoted conversation around faith and spirituality by beginning each class with a prayer that aimed to provide a safe environment to speak on the role of faith in participants' lives. Lay leaders were trained on how to facilitate conversations about faith and spirituality in the group classes. 34 Previous studies have found that in church-based interventions, participants will insert spiritual strategies into the intervention even when religious content is not a part of the curriculum. 7, 35 Similarly, we found that participants often spoke about faith, God, and the role of spirituality in the group sessions. The curriculum also included a photovoice exercise, which is a CBPR method that engages community members through the use of photographs and storytelling. 16, 36 Participants were also informed of church-sponsored exercise programs they could attend.
The scientific team, CAB, and church leaders identified lay leaders from the church community to lead the classes. Lay leaders were not obligated to have formal medical training, but were required to be bilingual in written and spoken English and Spanish and have an interest in teaching about health. Similar to other studies, we did not specifically recruit lay leaders who had diabetes; 21, 25, 33, 37 however, all our lay leaders either had diabetes or had family members with diabetes. Lay leaders were invited to attend three 3-hour trainings that included training on program content and process, with emphasis on acquisition of coaching skills through modeling, role play, and feedback. The training was grounded in Social Cognitive Theory, the Transtheoretical Model, SelfDetermination Theory, and principles of motivational interviewing. 30, 31, 38, 39 We trained our class leaders to support patient autonomy by acknowledging patients' choices, to enhance self-efficacy through modeling and rehearsal of target behaviors, and to establish supportive and collaborative relationships.
19,29,40,41 The training was led by the PI (AAB), project directors (CAL, AB), CAB members, a behavioral health specialist (MTQ), and a certified diabetes educator. 42 In the training, lay leaders taught mock lessons, facilitated group discussions, and demonstrated their skill in coaching and patientcentered communication. Only lay leaders who demonstrated proficiency in these areas were invited to become class leaders. Members of the academic team observed class leaders during the first 8-week class and then periodically to ensure intervention fidelity using standard processes including checklists and direct observation. 43, 44 Class leaders received yearly booster sessions to review their skills and address any gaps in knowledge. All lay leaders completed human subjects training.
ENHANCED USUAL CARE ARM
Participants in the enhanced usual care arm were invited to a 90-minute lecture on diabetes self-management by a bilingual chronic disease health educator during the study period. At the end of the 6-month study period, participants in the enhanced usual care arm were invited to a less intensive 8-week group education class for equity purposes. 12 
OUTCOME MEASURES
The primary outcome measure was serum A1C which was collected by venipuncture. Direct LDL was also measured through the venipuncture sample. Blood pressure was reported as the average of the second and third readings.
All survey measures were collected through interviews at baseline and 6-month follow-up. Each interview took 30 to 45 min to complete. We assessed basic demographic information, such as participant age, gender, race/ethnicity, country of origin, time in the United States, employment status, household income, educational attainment, marital status, and language spoken at home. To understand participants' access to healthcare, we asked them to report their type of health insurance, having a usual source of care, and having seen a physician in the past three months. To assess current health and healthcare, participants reported number of years with diabetes, self-reported complications of diabetes, comorbidities, self-reported health status, medications currently taking, smoking status, and recent physician or emergency room visits and hospitalizations. As secondary outcomes, we measured diabetes self-management using the Summary of Diabetes Self-Care Activities (SDSCA) scale, 45 diabetes knowledge 46 and diabetes self-empowerment. 47 As a part of the SDSCA, participants were asked: BOn how many of the last 7 days did you eat high fat foods such as red meat or full-fat dairy products?^and BOn how many of the last 7 days did you participate in a specific exercise session (such as swimming, walking, biking) other than what you do around the house or as part of your work?T o assess feasibility and acceptability of the intervention, we assessed attendance in the intervention classes and participants gave feedback on the classes and the class leaders.
ANALYSIS
We compared participant characteristics in the intervention and enhanced usual care arm with the Student t test for continuous variables and the Pearson χ 2 test for categorical variables at baseline. To evaluate the intervention effect, we used linear mixed models that adjusted for repeated measures using terms for time (3 and 6 months), treatment arm, and time-by-treatment arm interaction. All participants with available follow-up measures were analyzed within their assigned group based on intent to treat principles. We used SAS version 9.2 (SAS Institute, Cary, NC) for all analyses and p<0.05 was considered significant. A target sample size of 50 participants in each arm assumed a 0.57 %±1.0 % difference in decrease in A1C between the two arms with a power of 0.80. A decrease of 0.5 % is a clinically significant change per treatment guidelines and algorithms by the American Diabetes Association and the European Association for the Study of Diabetes in development of novel therapies for diabetes. 48 
RESULTS

Baseline Characteristics
The mean age of participants was 54±12 years and 81 % of participants were female (Table 1) . Ninety-eight percent of the participants were Latino, mostly of Mexican descent. Of the 100 participants, 76 % reported being affiliated with our two partnering churches, 22 % were affiliated with other churches, and 2 % did not report their affiliation. Only 3 % reported being in excellent or very good health. Forty-one percent of participants had an A1C less than or equal to 7.0 %.
Intervention participants had their post-intervention measures collected on average 42±standard deviation of 49 days after completing the 8-week intervention. The exit survey was completed at 123±81 days and clinical measures were collected 151±72 days from the end of the 8-week class. Enhanced usual care participants had their 3-month post-randomization measures collected 103±21 days from baseline and 6-month post-randomization clinical measures were collected 215 ±48 days from baseline.
Participants' follow-up rates were 80 % at 3 months and 82 % at 6 months. Of the 50 intervention participants, 37 participants (74 %) attended at least one class; 29 participants (58 %) attended at least five of the eight classes. Thirty-five (70 %) out of 50 enhanced usual care participants attended the lecture.
Changes in Clinical Outcomes at 3-and 6-Month Follow-Up
At 3 months, study participants in both arms decreased their A1C from baseline (−0.32 %, 95 % confidence interval [CI]: -0.62, -0.02 %). The difference in change in A1C from baseline to follow-up at 6 months was not statistically significant between the two groups. (Table 2) The change in LDL, blood pressure, and weight from baseline to 3-and 6-month follow-up was not statistically significant between the intervention and enhanced usual care groups. Due to the small sample size, we were unable to calculate the adjusted change in weight across arms. In unadjusted analyses, there was no significant change in weight across arms at 3-month or 6-month followup. Only 20 % of enhanced usual care participants attended the 8-week class after the study period; these participants had no significant change in A1C from baseline to their post-study measure collected after going through the 8-week class. Within the intervention group, when attendance was assessed as a continuous variable, no significant differences in glycemic control were found.
Changes in Diabetes Self-Empowerment, Knowledge, Self-Rated Health, and Self-Care by Arm Both groups improved their diabetes self-empowerment. (Table 3 ) There was no change in diabetes knowledge or selfreported health status within or across groups. The intervention group reported eating high fat foods on fewer days in the past week (−1.34 days, 95 % CI: −2.22, −0.46) and participating in a specific exercise program (such as swimming, walking, biking) more days (1.58 days, 95 % CI: 0.24, 2.92) compared to the enhanced usual care arm from baseline to 6 months.
Patient Navigation Services
Six participants in the intervention arm and two in enhanced usual care received assistance from the patient navigators. 
Participant Satisfaction
DISCUSSION
Using a CBPR approach, we designed a church-based, culturally tailored, diabetes self-management intervention for Latinos and examined its impact on diabetes outcomes using a rigorous randomized trial design. While there were no differences in glycemic control, blood pressure, LDL, or weight across study arms at follow-up, participants in the churchbased self-management intervention demonstrated significant improvements in diet and exercise compared to those in enhanced usual care at 6 months.
In our study, intervention participants were less likely to eat high-fat foods and more likely to participate in exercise at follow-up compared to participants who received a lecture on diabetes. Previous studies testing diabetes self-management 49, 50 Considering that Latinos tend to struggle with lifestyle changes due to competing demands and lack of resources for lifestyle change, our study demonstrated the possibility of a church-based diabetes self-management intervention helping participants overcome their struggles in making behavior change.
12,51 Even though these outcomes are self-reported, these findings are increasingly relevant since recent studies, including LOOK AHEAD, note that improvements in diet and exercise translate to improvements in many patient-centered outcomes, such as functional status and quality of life. 52 Previous studies have found that Mexican Americans with diabetes believe faith plays an important role in their diabetes self-management and enables them to cope with their feelings about the disease. 34, 53 Underscoring this sentiment, more than 90 % of our intervention participants noted the importance of starting the class with the prayer. We believe that convening community members in a safe, trusted setting with people with whom they share a common language, culture and faith may have allowed participants to more openly share their struggles with diabetes and receive support. Our intervention also used photovoice to facilitate sharing. The use of this low-literacy exercise allowed participants to learn that many people shared similar challenges in managing their diabetes.
Our study found no differences in glycemic control across the study arms, echoing previous diabetes self-management intervention studies that have shown either short-term changes that were not sustained or no changes in clinical outcomes. 33, 49, 50, 54, 55 While we did find that all participants had improvements in A1C at 3 months, this improvement was not sustained at 6 months. Participants may not have maintained the skills they gained after the weekly contact ended. A church-based diabetes self-management intervention may require a more intensive intervention, such as more or longer weekly group sessions and continued contact with participants to support maintenance of skills acquired during the intervention. 15, 22 Church-based diabetes self-management interventions may also need to provide feedback on patients' progress to their primary care providers in order to impact metabolic outcomes. 9 Since our study recruited participants from the community, not from hospitals or clinics where patients are already engaged in the healthcare system, our participants may have benefitted from stronger linkages to medical care. Future studies may need longer-term follow-up and a larger sample size to detect differences in clinical outcomes.
While some studies have demonstrated no improvements in diabetes outcomes using a lay leader approach, 33, 49, 50, [54] [55] [56] several other studies have noted that trained peers can effectively lead self-management education interventions in community settings and improve clinical outcomes. 13, 19, 20, [22] [23] [24] 26, 27, [57] [58] [59] [60] Studies with Mexican Americans with diabetes utilizing peer-led diabetes self-management interventions have found improvements in glucose control.
22,23,25-27 There is still a need for ongoing work to understand what training is In our intervention, we included key elements of peerled group self-management classes that have been noted to be successful in previous interventions and utilized efficacious behavioral approaches, such as social cognitive theory, empowerment, and motivational interviewing. 19 While our peer leader training had a strong behavioral approach, we may need to provide lay leaders with more frequent feedback on teaching performance, opportunities to practice motivational interviewing skills outside of the classroom, further skill building on how to foster patient autonomy and enhance patient self-efficacy, and multiple refresher training sessions to fully equip our lay leaders in promoting behavior change and impacting patients' clinical outcomes. 19 
Limitations
Our study has some limitations. Our findings may not be generalized to all Latino populations since we mainly recruited from one urban, Mexican American neighborhood in a Midwestern city. Self-report could be heavily influenced by social desirability bias such that more participants could have reported making changes in their behavior than actually did. Participants from the same church may have been randomized to different arms, thus leading to the potential for contamination. A 6-month follow-up period may not have been enough time for behavioral changes to have an effect on outcomes. While the participants' follow-up rates of 80 % at 3 months and 82 % at 6 months are high for studies in low-income immigrant populations, it is possible that attrition introduced bias. Many participants had a normal or at-target baseline A1C, which may have limited our ability to further decrease their A1C. 15, 33 Our study was also underpowered to detect small differences in change in A1C. The difference in attention received by participants in the two arms may have potentially biased the results of the study. Lastly, it is difficult to ascertain which aspects of the intervention, such as the use of lay leaders, the social support gained from the group education, or the photovoice activities, may have had the strongest impact on self-care. A pilot church-based diabetes self-management intervention did not reduce A1C, but resulted in decreased high fat food consumption and increased participation in exercise among low-income Latino adults with diabetes. This study underscores the need for collaborative designs of communitybased interventions and rigorous evaluations that can offer solutions to improve health behavior among Latinos with diabetes. 
